ABSTRACT : The sex ratio (F:M) in the same population of oyster, Crassostrea gigas at the commencement of the study (2007) was 1:1.0, but changed to 1:2.8 by the end of the study (2008). The sex reversal rate in two-year-old oysters was 40.2%. Specifically, female to male sex reversal rate was 66.1%, which is higher than the male to female sex reversal rate of 21.1%. The sex reversal pattern of C. gigas appears to go from male female male, and as such is determined to be rhythmical hermaphroditism.
Sex reversal has indirectly and directly been confirmed in several bivalve species (Orton, 1933; Coe, 1943; Gould, 1952; Osanai, 1975; Guo et al., 1998; Kasyanov, 2001; Lee et al., 2012a, b) . Examples of sex ratio changes in accordance with size at the level of population has been found in Ostrea virginica (Galtsoff, 1937) , Mercenaria mercenaria (Eversole, 2001) and Crassostrea gigas (Gosling, 2004) . The oyster, C. gigas, displays multiple sexual characteristics in which protandric sex change, dioecy and hermaphroditism are displayed concurrently.
It has also been shown that C. gigas female ratio increases with age as the result of sex reversal from male to female (Guo et al., 1998) . According to preliminary study, C. gigas displayed differences in sex ratio in accordance with shell size. Although the male ratio was high in the one-year-old class, the female ratio was higher in the two-year-old class, with the male ratio becoming higher once again in three-year olds. The aim of this study was to verify the pattern of sex reversal in two-year-old oyster, C. gigas, with the anticipation that sex reversal pattern of this species would differ in accordance with age. (Table 1 ).
The average SH of oysters at the commencement of fieldwork (2007) sex ratio of 132 individuals at the end of fieldwork, with the exception of oysters for which identification of sex was not possible, was 1:2.8 (n=35:97), thereby illustrating significant higher ratio of male (Table 2) .
Rate of sex reversal in two-year-old oysters was 40.2% (n=53/132). Among these, 66.1% exhibited conversion of sex from female to male (n=37/56), while 21.1%
(n=16/76) changed from male to female, thereby illustrating higher sex reversal rate from female to male (Table 3) .
Sex reversal research of bivalves has traditionally been conducted on oysters. Literature does point to the fact that the proportion of males is higher at the early stage, with increase in the proportion of females arising through sex reversal as the oyster gets older (Orton, 1933; Galtsoff, 1964; Thompson et al., 1996; Guo et al., 1998) . Although manifestation of morphological sex and activation of bivalve gonads are in principle genetically influenced, they are also affected by environmental and biological factors (Coe, 1938; Gould, 1952; Guo et al., 1998) .
In the case of Pomacea canaliculata, C. gigas and Mytilus sp., an oligogenic sex determination method was used, which is a mechanism that results in highly diversified sex ratio and sex determination by small number of genes (Guo et al., 1998; Yusa, 2007) . Changes in sex ratio due to exposure to pollutants, such as EDCs (endocrine disrupting chemicals) during the inactive season, have also been reported in Mya arenaria (Gagné et al., 2003) , Although the above report did not mention sizes, it is presumed that 'adult' refers to two-year-olds.
The results of our preliminary study showed diverse differences in sex ratio in accordance with the sizes of C. gigas. Although the proportion of males was higher in the one-year-old class, that of females was higher in the two-year-old class, thereby illustrating similar results with Guo et al. (1998) . However, the proportion of males was higher in the three-year-old class. Such difference in sex ratio was determined as the result of higher sex reversal from female to male (66.1%) than from male to female (21.1%) in two-year-old oysters.
Coe ( cycle as the standard point and refer to the species generally described as gonochoristic that undergo sex reversal.
In this study, although sex reversal was identified in male and female of two-year-old oysters, the sex reversal rate from female to male was higher than from male to female.
Therefore, when our results are compared with that of Guo et al. (1998) , it is evident that the sex reversal pattern of oyster, C. gigas appears to go from male⇒ female male, and ⇒ the sex is rhythmical hermaphroditism.
